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in  Billings  on  January  22,   1975. 

The  Bureau's  Technical  Assistance  Program  allows  the  Bureau  to  share  its  technical 
expertise  and  computer  capability  with  a  state  agency  when  the  need  arises.     Final  arange- 
ments  for  this  help  were  made  in  late  1973  and  early  1974. 

The  program  itself  is  practical  and  straightforward.     The  greatest  difficulty  we  currently 
face  is  the  lack  of  specific  biological/streamflow  criteria  which  can  be  applied  to  the  program 
results.     Such  criteria  will,  hopefully,  be  forthcoming  from  all  workers  faced  with  establishing 
instream  flows  for  aquatic  life.     It  is  hoped  ♦'"^se  guidelines  will  be  useful  to  those  workers. 
Comments  or  suggestions  for  improvement  of  the  guidelines  will  be  welcome. 


Liter  E.  Spence,  Jr. 
Environment  and  Information  Division 
Montana  Deoartment  of  Fish  and  Game 
Helena,  Montana  59601 


INTRODUCTION 

The  Montana  Department  of  Fish  and  Game  is  attempting  to  identify  the  stream  re- 
source maintenance  flows  needed  by  aquatic  life.     This  information  is  needed  to  establish 
water  reservations  under  the  1973  Montana  Water  Use  Act  and  aid  in  the  evaluation  of 
proposed  future  diversions.     Physical  data  needed  to  determine  these  needs  include  velo- 
cities, water  depths,  and  channel  characteristics  at  various  flows.     These  interrelated  factors 
can  be  determined  by  actual  field  measurements  at  many  flows,  which  are  time  consuming 
and  often  impossible,  or  can  be  computed  uiing  the  WSP  (Water  Surface  Profile)  computer 
program  and  one  set  of  field  measurements. 


DESCRIPTION  OF  THE  WSP  PROGRAM 

The  WSP  Program  is  a  computer  adaptation  of  the  Bureau  of  Reclamation's  (hereafter 
called  the  Bureau)  Water  Surface  Profile  Computation  Method  B.     The  WSP  Program  was 
written  to  computerize  computations  necessary  to  determine  tailwater  and  backwater  eleva- 
tions.    These  are  the  water  surface  elevations  below  dams  and  control  structures  and  above 
reservoirs. 

WSP  is  adaptable  to  instream  applicatior. .      The  program  allows  the  users,  after  sufficient 
field  work,  to  predict  and/or  study  various  changes  in  stream  characteristics  at  many  different 
flows  without  h<ivi:i!j  to  make  numerous  field  observations  at  these  flows.    The  program  (model) 
IS  calibrated  to  a  specific  stream  section  using  one  or  two  observed  flows,  the  corresponding 
water  surface  elevations,  and  channel  profile  data  at  various  locations    or  transects,  in  a  stream 
section.     The  characteristics  of  the  stream  determine  the  number  of  transects  needed  to  obtain 
data  on  various  types  of  aquatic  habitat  being  measurr'd,  and  channel  ccnfiguration  determines 
the  number  of  elevation  measurements  needed  along  a  transect.     A  minimum  of  four  transects 
are  netted  to  properly  describe  the  stream  for  use  in  the  WSP  Program. 

The  predicted  values  from  the  program  are  within  the  accuracy  of  the  field  data,  i.e., 
if  water  surface  elevations  are  measured  within  +   0.1  foot,  the  predicted  water  surface  elevations 
at  other  flows  will  be  within  +  0.1   foot. 

The  computer  program  utilizes  "Manning's  equation"  to  predict  hydraulic  values  at  each 
of  the  streamflows  requested.     Manning's  equation  is 

V  =  14§-r2/3  S'/2 
where  V  =  velocity,  R  ,=  hydraulic  radius,  S  =  slope,  and  n  is  a  roughness  coefficient. 


FIELD  DATA  REQUIREMENTS 

Field  data  needed  for  input  to  the  WSP  Program  comprise  a  physical  description  of  the 
stream  section  being  investigated.     The  quality  of  this  data  determines  the  accuracy  of  the  com- 
puted results.     The  data  requirements  for  the  program  include: 


1.  Map  or  aer  "!  photograph  showing  stream  section  being  studied  and  transect  locations 
in  that  section. 

2.  Elevation  data  at  each  transect. 

3.  Distance  between  transects. 

4.  Measured  flow  in  cubic  feet  per  scoond  (cfs). 

5.  Water  surface  elevation  at  each  transect  at  the  measured  flow. 

6.  Photographs  of  the  stream  reach  and  each  transect. 

7.  Description  of  the  type  of  streambed  materials  along  each  transect  (sand,  gravel, 
cobbles,  boulders,  muck,  etc.). 

8.  Identification  of  points  where  the  type  of  streambed  materials  change  along  a  transect. 

9.  Description  of  bank  and  overbtnk  material  and  vegetation  (trees,  brush,  grass,  logs, 
etc.)  at  each  transect. 


Equipment 


FIELD  METHODS 


Transit  or  level 

Stadia  or  Philadelphia  Rod 

Measuring  tape  calibrated  in  feet 

and  1/10  foot 
Survey  stakes 
Engineer's  field  notebook 
Hip  boots  or  waders 
Camera 
marking  pencil 


Current  meter 
Wading  Rod 

Head  set 

Stop  watch 

Discharge  Measurement  Notes 

Slide  rule  or  pocket  calculator  (optional) 

Axe  or  hatchet 

nails 


Picking  a  Location 


Habitat  Condition 


Pick  a  stream  study  reach  which  contains  the  type  of  habitat  you  want  to  study,  such 
as  for  spawning,  rearing,  passage,  etc.    The  types  of  habitat  you  measure  should  reflect  the 
seasonal  requirements  of  the  species  you  are  most  concerned  about.    Mark  the  location  of 
tfiese  habitat  transects  with  survey  stakes.     It  is  a  good  idea  to  mark  the  water's  edge  with 
a  stake  as  you  establish  your  transects. 

Flow  Control  Points 


Transects  must  be  established  across  all  flow  control  points  (riffles,  rapids,  log  jams, 
channel  constrictions)  even  though  you  may  not  want  any  habitat  inforiiation  on  them. 


The  farthest  downstream  transect  must  be  at  a  flow  control  point.     The  farthest  upstream 
transect  can  be  at  any  location. 

Stations  should  be  numbered  from  downstream  to  upstream  as  shown  in  Figure  1. 

Benchmarks 

Establish  a  benchmark,  or  elevation  reference  point,  at  the  downstream  end  of  the  study 
reach.     If  a  surveyed  benchmark  (mean  sea  level  elevation  marker)  is  not  available  near  the 
study  reach,  you  can  use  an  arbitrary,  or  "planned,"  elevation,  such  as  1,000  feet,  as  a  beginning 
point  and  relate  all  other  elevations  to  the  planned  elevation.     Establish  a  benchmark  by  using 
a  survey  stake,  or  a  large  spike  or  metal  rod  fastened  to  a  painted  metal  disc  and  driving  it 
into  the  ground.     Mark  another  object  which  can  be  readily  seen  near  the  benchmark  with 
spray  paint  so  the  benchmark  can  be  easily  relocated.     Benchmarks  can  also  be  established  by 
driving  a  nail  into  a  tree,  marking  a  spot  on  a  bridge  abutment,  etc.,  i.e.,  using  a  point  wtiich 
IS  not  likely  to  be  disturbed  or  moved. 
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Making  the  Measurements 

USE  GOOD  SURVEYING  TECHNIQUES! 

Consistency 

An  important  point  to  consider  when  taking  field  data  is  to  be  consistent  in  the  manner 
in  which  data  is  collected  and  recorded.    Transect  measurements  should  originate  from  the 
same  side  of  the  stream,  if  possible.     Right  and  left  streambanks  are  always  specified  as  though 
you  are  looking  downstream. 

Transects  can  be  measured  in  any  order  as  long  as  the  elevation  data  is  submitted  to 
BuRec  m  the  proper  order.  Data  should  be  submitted  in  order  beginning  with  transect  1 
and  contmuing  upstream  to  the  uppermost  transect. 

It  IS  convenient  to  determine  benchmark  elevations  at  each  of  the  other  transects  if  you 
begin  at  transect  1  and  work  upstream.     However,  field  conditions  often  preclude  this,  and 
you  will  have  to  make  your  own  adjustments.    Just  be  sure  to  keep  your  field  data  straight. 

Stream  Discharge 

Water  surface  elevations  at  all  transects  must  be  recorded  at  the  time  stream  discharge 
is  determined.     One  way  to  do  this  is  to  stake  the  water's  edge  at  all  transects  and  then 
make  a  discharge  measurement.    Transect  measurements  can  then  be  made  later,  and  if  the 
stream  discharge  increases  or  decreases  slightly  the  water's  edge  at  the  measured  discharge  can 
still  be  determined  from  the  position  of  the  stakes.     It  is  best  to  do  your  surveying  during  the 
time  when  streamflow  is  stable  and  wadeable,  becaust   flow  measurement  is  more  difficult 
during  periods  of  increasing  or  decreasing  flow. 

Make  a  discharge  measurement  near  the  downstream  transect  at  a  good  measuring  site. 
If  possible,  take  another  discharge  measurement  near  the  upstream  transect  to  verify  the  earlier 
discharge.     Discharge  measurements  should  be  made  according  to  methods  recommended  by 
the  U.S.  Geological  Survey.     Figure  2  is  an  example  of  a  completed  Department  of  Fish  and 
Game  Discharge  Measurement  Note  form. 

Equipment  Setup 

After  you  have  established  benchmarks,  BM,  at  all  habitat  and  control  transects  you  are 
ready  to  make  elevation  measurements.    Set  up  and  level  the  instrument  (transit  or  level) 
at  a  point  where  you  have  a  clear  view  of  all  or  most  of  the  transect.     Be  sure  to  set  the 
tripod  on  firm  ground.     On  snow-covered  ground,  dig  down  to  solid  ground  and  set  the  tripod 
legs  on  it.     This  will  preclude  instrument  settling  during  the  survey  which  could  introduce 
errors  into  your  surveyed  elevation  data. 

If  the  distance  between  transects  is  less  than  50  feet,  you  can  measure  more  than  one 
transect  from  the  same  instrument  location  as  long  as  the  rod  can  be  seen  and  read.    However, 
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for  transect  distances  greater  than  50  feet,  the  instrument  should  be  moved  to  the  next 
transect.     This  pror^Hure  helps  avoid  errors  in  reading  the  rod  and  subsequently  in  the  elevation 
data. 

Note:  50  feet  is  an  arbitrary  distance.  The  intent  here  is  to  insure  best  accuracy  and 
promote  good  surveying  techniques.  Judgment  will  be  required  by  the  investigator  in  some 
situations. 

On  wadeable  streams,  attach  the  measuring  tape  at  the  beginning  of  the  transect  (transect 
station  0+00)  by  attaching  the  end  of  the  tape  to  a  small  nail  driven  into  the  top  of  the  wooden 
survey  stake  or  to  the  metal  rod,  or  spike  which  has  been  driven  into  the  ground  at  the  be- 
ginning of  the  transect.     This  method  reduces  manpower  needs  by  allowing  the  rod  man  to 
also  measure  the  distance  of  each  elevation  measurement  along  the  transect  as  he  crosses  the 
channel.     On  larger,  unwadeable  streams  a  tape  will  not  be  feasible  unless  used  from  a  boat. 
In  this  situation,  you  can  also  use  the  stadia  hairs  in  a  transit  to  measure  distances  along  the 
transect  (see  page 

Surveying  Mechanics 

This  section  describes  a  field  situation  you  may  experience  and  will  serve  as  a  guide 
to  the  mechanics  of  making  transect  measureuients.     Refer  to  Figures  3  and  4  in  this  dis- 
cussion. 

Transect  1  has  been  established  across  a  stream  channel.    The  total  length  of  the  transect 
is  90.9  feet  between  points  A  and  N  (Figure  3).     Elevation  measurements  in  this  example 
begin  from  the  left  streambank.    To  determine  the  elevations  between  points  A  and  N, 
It  IS  necessary  to  set  up  the  level  several  times  such  i."s  at  B,  D,  M,  and  to  establish  intar- 
mediate  points  such  as  C,  E,  L,  etc.     These  are  the  conditions  common.'y  met  with  in  practice, 
aiid  will  serve  as  an  illustration  of  the  general  methods  of  direct  leveling  (from  DeGroot  1954). 

Let  the  elevation  of  point  A  be  assumed  as  1,000.00  feet.    This  is  the  "planned"  eleva- 
tion.    The  level  is  first  set  up  at  point  B  so  that  a  rod  held  at  A  will  be  visible  through  the 
telescope.     The  reading  of  the  rod  is  found  to  be  0.50  feet.     The  height  of  instrument,  ab- 
breviated H.I.,  is  found  by  adding  this  reading  to  the  elevation  of  point  A.    Thus  H.I.  =  1,000.00 
+  0.50  =  1,000.50  feet.     Since  the  rod  reading  at  A  is  taken  by  directing  the  line  of  sight 
back  toward  the  start  ot  tlie  line,  it  is  called  a  backsight  reading,  or  simply  a  backsight,  and 
is  abbreviated  B.S.     A  better  definition  of  a  backsight,  however,  is  a  rod  reading  which  is 
taken  on  a  point  of  known  elevation  to  find  the  height  of  instrument,  H.I.     Since  a  backsight 
is  usually  added  to  the  elevation  of  the  point  on  which  the  rod  is  held,  a  backsight  is  often 
called  a  plus  sight,  writen  +S. 

After  the  H.I.  has  been  determined  by  a  backsight  on  A,  a  point  C  is  selected  which 
will  allow  a  rod  reading  to  be  made  and  a  reading  is  taken  on  a  rod  held  at  C.     If  this 
reading  is  12.32  feet,  the  point  C  is  12.32  feet  below  the  line  of  sight,  and  the  elevation  of 
C  is  1,000.50  -  12.32  =  988.18  feet.     This  reading  is  called  a  foresight  reading,  or  foresight, 
and  is  abbreviated  F.S.     A  foresight  is  taken  on  a  point  of  unknown  elevation  in  order  to 
determine  that  elevation  from  the  height  of  instrument.    Since  the  reading  for  a  foresight  is 
subtracted  from  the  height  of  instrument  to  get  the  elevation  of  the  point  on  whidi  the  rod 
IS  held,  a  foresight  is  sometimes  called  a  minus  sight  and  is  written  — S. 
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While  the  rodman   'emains  at  C,  the  instrument  is  moved  to  D  and  set  up,  but  not  so 
low  that  the  line  of  sight  will  go  under  the  bottom  of  the  rod  when  it  is  again  held  at  C. 
After  th(!  instrument  is  releveled,  the  reading  0.82  is  taken  as  a  backsight  to  point  C,  and  the 
H.I.  at  D  IS  988.18  +  0.82  =  989.00  feet.     When  this  reading  is  taken,  it  is  important  that 
the  rod  should  be  held  on  exactly  the  same  point  that  was  used  for  the  foresight  when  the 
instrument  was  at  B.     The  point  C  on  which  the  rod  is  held  should  be  some  stable  object, 
so  that  the  rod  can  be  removed  and  put  back  in  the  same  place  as  many  times  as  may  be 
necessary.     For  this  purpose,  a  sharp  pointe'  rock,  or  a  well  defined  projection  on  some  per- 
manent object,  IS  preferable,  but  if  nothing  better  is  available,  a  stake  or  peg  can  be  driven 
firmly  in  the  ground  and  the  rod  held  on  top  of  it.     Such  a  point  as  C,  on  which  both  a 
foresight  and  a  backsight  are  taken,  is  called  a  turning  point,  abbreviated  T.P. 

When  the  HI.  at  D  is  known,  another  point,  E,  is  chosen  and  a  foresight  of  4.44  feet 
is  obtained.     Then  the  elevation  of  E  is  989.00  -  4.44  =  984.56  feet. 

Since  points  E  through  L  are  all  along  the  line  of  sight  from  point  D,  elevations  can  all 
lie  read  from  point  D.     Each  of  these  point  elevations  is  determined  by  subtracting  the  rod 
reading  from  989.00  feet,  which  is  the  H.I.  at  point  D.     Points  M  and  N  are  above  the  line 
of  sight  from  point  Q.     Therefore,  the  i'  strument  must  be  moved  to  a  higher  location  and 
another  Jurning  point  (fvi)  established.     The  in-^trument  is  moved  to  point  M  and  releveled. 
Then  th(    backsight  on  L  .s  10.52  feet.     The  new  H.I.  at  M  is  987.11  +  10.52  =  997.63  feet. 
The  foresight  to  N  is  4.62  feex  and  the  elevation  of  ISi  is  997.63  -  4.62  =  993.01  feet.     Since 
point  IM  r.  the  other  end  of  the  transect,  it  is  established  as  another  benchmark,  BM.     In- 
stead of  moving  the  instrument  to  point  M,  it  could  also  have  been  moved  back  to  point  B, 
as  long  as  the  rod  held  at  points  L  and  IM  was  in  the  line  of  sight  and  could  be  read. 

Each  of  the  backsights,  instrument  heights,  front  sights,  and  point  olevations  is  recorded 
in  the  field  notebook  as  shown  in  Figure  4.     It  is  important  to  .ecord  each  type  of  rod  reading 
in  the  proper  column;  i  e.  oacksight  under  B.S.,  etc.     Otherwise,  elevation  data  cannot  be 
calculated  correctly. 

The  following  method  of  checking  field  notes  affords  a  reliable  check  on  the  elevations 
of  tiirniny  points  and  heights  of  instrument,  which  in  d  general  way  is  a  check  on  the  line 
of  levels  as  a  whole,  since  all  other  elevations  are  determined  from  them.    The  method  is 
based  on  tht;  fact  that  all  the  backsights  are  additive  or  (+)  quantities  and  all  the  foresights 
are  subtractive  or  (-)  qwdii cities.     Therefore,  if  the  sum  of  all  the  backsights  in  a  line  of 
levels,  or  any  portion  of  it,  is  added  to  the  elevation  of  the  starting  point,  and  from  this 
sum  all  of  the  foresights  on  turning  points  in  the  same  portion  are  subtracted,  the  remainder 
is  the  last  height  of  instrument  or  the  elevation  of  the  last  turning  point,  depending  upon  whether 
the  last  sight  is  a  backsight  or  a  foresight.     Thus  in  our  example,  the  sum  of  all  backsights 
IS  11.84,  the  sum  of  all  foresights  at  turning  points  is  18.83,  and  the  beginning  elevation  is 
1,000.00  feet.     Thus  1,000.00  +  11.84  -  18.83  =  993.01  feet,  the  elevation  at  point  N.     ix_ 
is  important  to  include  only  the  foresights  at  turning  points,  not  those  atintermediate  points, 
in  these  calculations.     The  checking  procedure  can  be  done  at  the  bottom  of  the  fieid  notes. 

The  difference  in  elevation  from  the  BM  of  one  transect  to  the  BM  of  the  next  transect 
must  be  determined  so  you  have  a  starting  point  elevation  at  each  transect,  and  so  all  transects 
are  tied  together  by  elevation.     These  elevations  are  used  in  computing  the  energy  slope  of  the 
stream  reach.     Elevation  differences  betwreen  transects  can  be  determined  by  setting  the  instrument 
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up  at  a  location  where  bt>th  the  preceding  transect  BM  and  the  next  transect  BM  upstream 
can  be  seen.     For  ev-..ii,jle.  place  the  «od  at  transect  1   BM   (1,000.00  feet  elevation)  and  take 
a  rod  reading  or  backsight.     Add  this  reading  to  1,000.00  to  determine  the  H.I.     Then  take 
a  rod  shot  at  transect   2  BM   (foresight)  and  subtract  the  reading  from  the  H.I.     This  is  the 
elevation  of  the  starting  point  for  transect  2.     For  example,  if  the  elevation  of  BM   1   is  1,000.00 
feet,  the  backsight  to  BM   1  is  7.29,  and  the  foresight  to  BM  2  is  4.38  feet,  the  elevation  of 
BM  2  IS  1,000.00  +  7.29  -  4.38  =  1,002.91  feet. 

The  elevation  to  BM  3  is  determmed  i     the  same  manner  except  you  can  use  the  eleva- 
tion of  BM  2  (1,002.91)  as  the  beginning  elevation.     Also,  any  time  there  is  not  a  line  of  sight 
between  two  tenchmarks  or  the  distance  is  too  great  to  read  the  rod,  you  will  have  to  establish 
one  or  more  intermediate  benchmarks,  or  turning  points,  to  reach  the  next  transect  BM  and 
find  its  elevation. 

If  time  permits  the  best  check  on  your  elevation  data  is  to  run  a  "level  loop"  from  your 
last  transect  BM  back  to  the  beginning  elevation  in  the  study  section  (such  as  1,000.00). 
You  do  this  in  the  same  manner  as  you  tied  the  transects  together,  i.e.,  continue  to  establish 
turninij  points  until  you  reach  the  beginning  elevation.     If  you  began  with  an  elevation  of 
1,000.00  you  should  end  up  at  elevation   1,000.00  at  your  starting  point.  If  you  do  not,  a  mis- 
take has  been  made.     Ir   running  a  level  loop,  do  not  return  along  the  same  line  you  vwnt  up. 
The  diagram  below  iliuslrdles  how  to  run  a  '"••il  loop. 
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The  principal  sources  of  error  in  levehrig  are  (1)  defects  in  the  instrument,  (2)  failure  to 
properly  level  the  iu»trument,   (3)  failure  of  the  rod  man  to  hold  the  rod  plumb,  (4)  mistakes 
m  reading  the  rod,  and  <b)  improperly  recording  the  rod  readings  or  recording  them  in  the 
wrong  columns. 

For  purposes  of  the  WSP,  all  rod  readings  should  be  read  to  hundredths  of  a  foot  and 
elevations  calculated  to  tenths  of  a  foot. 

An  example  of  how  to  read  a  Philadciiphia  .od  is  shown  below.     The  number  4  on  the 
rod  will  lie  in  the  color  red.     All  other  nurntjers  are  biack.    When  the  hairline  falls  midway 
between  the  graduations  the  number  may  be  rounded  either  up  or  down.    When  it  falls  other 
than  midway  between  graduations  the  reading  should  be  rounded  to  the  graduation  nearest 
the  hairline. 
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Each  angled  graduation  represents  a  whole 
number,  i.e.,  4.0,  a  tenth,  i.e.  4.10,  or  a 
hundredth,  i.e.  4.05,  and  allows  easier  reading 
of  the  rod. 


Wfien  using  an  instriiinent  with  stadia  hairs  for  levelmg,  be  sure  and  make  the  foresight 
reading  with  the  center  hairline,  no\  the  top  or  bottc  -n  hairline. 

If  you  use  stadia  to  make  your  distance  rneasuren«ents  the  procedure  is  as  follows: 
Read  the  point  elevation  of  the  rod  with  the  center  hairline     Then  set    t!ie  bottom  hair- 
line on  an  even  foot  mark  by  adjusting  the  level  of  the  telescope  up  or  down.    Make  a  rod 
reading  with  the  bottom  hair  and  the  top  hair.    Subtract  the  bottom  reading  from  the  top 
reading  and  multiply  the  difference  b,    100.     For  exdmple,  if  the  bottom  hairline  is  set  on 
4.00  feet  and  the  top  hairline  reads  4.92  on  the  rod,  the  distance  from  the  instrument  to  the 
rod  IS  4.92  -  4.00  =  0  92  x   100  =  92  feet.     Note:     It  is  not  a  requirement  to  put  the 
bottom  hairline  on  an  even  foot  mark,  but  it  is  more  convenient  and  accurate  to  do  so. 

Most  instruments  have  a  stadia  constant  of  1.0,  which  means  for  each  1.00  foot 
difference  between  the  top  and  bottom  hairlines  the  distance  is  100  feet.     If  an  instrument  does 
not  have  a  stadia  constant  of  1.0,  the  difference  in  rod  readings  would  have  to  be  multiplied 
by  the  constant  x  100.     For  example,  if  the  stadia  constant  is  0.99,  the  distance  in  the  pre- 
vious example  would  be  4.92  -  4.00  =  .92  x  0.99  x  100  =  91.08  feet. 

Be  sure  and  relevel  the  telescope  before  taking  the  next  level  shot  if  you  use  the  stadia 
as  described  above. 


-12- 


Special  Considerations 

Elevation  shots  need  not  be  made  along  the  transect  at  regular  intervals,  but  only  where 
changes  in  channel  configuration  occur.     A  flat  channel  will  not  require  as  many  measurements 
as  an  irregular  channel,  but  the  deepest  part  of  the  channel  (thalweg)  should  be  located. 

If  you  are  interested  in  flood  flows,  it  is  useful  to  determine  elevations  of  high  water 
marks  and  include  them  in  the  transect  elevation  data.     This  will  give  another  set  of  elevations 
to  firm  up  the  field  data  and  to  help  deter,   me  che  proper  energy  slope  of  the  stream  reach 
under  study.     However,  if  you  are  not  concerned  with  flood  flows  which  leave  the  main  stream 
channel,  you  need  only  confine  your  measurements  to  the  portion  of  the  channel  where  the 
flows  of  interest  will  ocr.ur.     However,  it  is  convenient  to  measure  from  the  top  of  one  bank 
to  the  top  of  the  other  for  data  plotting  purposes. 

Always  take  a  shot  at  water's  edge  on  both  banks  and  mark  these  on  the  field  notes 
as  W. E.  left,  and  W.E.  right  (see  Figure  4).     If  rod  readings  at  both  water's  edge  are  differ- 
ent, the  cross  section  has  not  been  taken  perpendicular  to  tJie  flow  or  an  error  has  been  made. 

Measure  distance  betiv»;en  transects  ctiong  line  of  flow  or  along  the  thalweg  (deepest 
part  of  the  channel).     It  :i  oie^nder  occi..s  between  two  tiansects,  measure  inside  and  outside 
distances  plus  the  thalw»  .j     .stance  as  show.n  ^-low. 
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If  a  bridge  is  inrlur^ed  in  the  stream  reach,  three  transects  must  be  made:  one  at  the 
bridge  site,  one  50  feet  upstream  and  one  50  feet  downstream  from  the  bridge.  A  bridge 
normally  acts  as  a  flow  control  point. 

If  log  lams  or  debris  dams  occur  in  the  study  reach,  transects  should  be  taken  above 
and  Ijelow  these  areas,  since  they  will  provide  some  form  of  flow  control  for  at  least  part 
of  the  study  reach.     Submit  a  photo  of  the  log  or  debris  dams  or  bridge. 

When  an  island  is  included  in  a  reach,  transects  must  be  taken  upstream  and  downstream 
from  the  island  and  where  the  channels  around  the  island  begin  and  end  (shown  in  the  figure 
beluw  as  transects  1,  2,  4  aiid  5).     As  many  othier  transects  may  be  made  across  the  island 
as  desired  by  the  investigator  (such  as  transect  3  in  the  figure  below). 
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A  transect  across  an  island  should  begin  and  end  at  the  same  water  surface  elevation. 
These  elevations  will  not  necessarily  be  on  the  same  line.     For  example,  at  each  transect  in 
the  figure  above,  points  A,  B,  C,  and  D  are  all  at  the  same  water  surface  elevation.     Eleva- 
tion readings  must  be  made  across  the  island  to  tie  the  two  parts  of  the  transect  together, 
i.e.,  part  AB  must  be  tied  to  part  CD,  forming  a  continuous  transect. 

Streambed  Materials 


As  you  make  elevation  measurements  along  a  transect,  be  sure  to  note  where  stream- 
bed  materials  (bottom  types)  change.    This  is  important  in  determining  roughness  coefficients. 
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n,  for  each  transect  segtricnt.     To  assist  m  determining  bottom  types,  the  following  material 
sizes  should  be  decjnbec) 

fcjediock        large  mass  of  solid  rock 

Boulders    -   rocks  ovei   12  inches  in  diameter 

Cobbles  (rubble)        rucks  3.0  to  11.9  inches  in  diuineter 

Gravel        rocks  0.1   to  2.9  inches  in  diameter 

Sand,  silt,  clay  -    particles  less  than  0.1   inches  in  diameter 

Vegetation  —  describe  type  (weeds,  mu  s,  etc.)  and  thickness  of  mat  above  streambed 

Materials  should  be  desciifx;d  in  survey  notes  as  gravel,  or  gravel-sand,  or  rubble-gravel-sand,  etc. 
Be  suro  and  describe  the  types  of  materials  found  geneidlly  at  the  transect  site,  not  just  those 
lying  beneath  the  transect  line.     Also  note  location  and  point  of  change  of  bottom  types 
along  the  transect 

Transact  Division 

As  you  are  surveyiny  a  transect,  it  is  important  to  note  which  portions  of  the  transect 
are  of  most  importance  to  you.     The  WSP  Program  oiaput  can  give  you  specific  data  on  up 
to  nint;  (9)  separate  segr  .,).its  of  a  trans,  ct.     For  example,  if  t*\e  center  half  of  the  transect 
is  the  roost  suitable  for   uiown  trout  spawnn  ,,.    and  this  .s  what  you  are  interested  in,  you 
can  reiuiest  program  outuut  data  for  the  nine  segments  as  shown  below  (there  is  no  sense 
collectmq  dU'j  on   less  i-opo-tdnt  parts  of  the  transect) 
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Division  of  the  transect  can  be  done  by  marking  your  plotted  cross-section  at  the  desired 
transect  distances  as  shown  m  Figure  5.     The  Bureau  will  segment  the  output  data  from  the 
transect  distance  you  indicate.     This  division  of  the  transect  does  not  have  to  be  done  in  the 
field.  I.e.,  point  elevations  do  not  have  to  be  made  at  the  divisions  you  select.    However,  it 
is  important  to  make  field  notes  on  the  portions  of  the  transect  you  will  later  want  specific 
data  on  (see  Figure  4).     By  reducing  the  width  of  each  segment,  you  can  relate  velocities  and 
depths  more  specifically  to  the  criteria  for  the  species.    Velocities  predicted  by  WSP  for  each 
segment  at  different  flows  are  averages    bas>  d  on  bottom  types  (roughness  coefficients),  the 
energy  slope,  transect  configuration  and  stream  section.     By  reducing  the  width  of  each  segment 
you  narrow  the  range  of  the  predicted  average  velocity  and  can  relate  it  more  precisely  to  the 
biological  requirements  of  the  fish. 

Photographs 

A  photo  should  be  taken  across  each  transect,  preferably  from  both  directions.     Either 
color  or  black  and  white  photos  are  acceptable.     Photos  showing  overall  views  of  the  stream 
reach  should  also  be  taken.     These  photos  should  be  submitted  to  the  Bureau  with  the 
transect  data  and  will  be  used  by  them  to  help  interpret  field  data  you  submit.    A  convenient 
way  to  submit  photos  r  to  attach  then"  to  the  plotted  cross-section  sheet  for  each  transect. 

Field  Notes 


Figure  4  shows  how  'leld  notes  should  be  completed.    Columns  1  through  4 
are  completed  in  the  fieltl.     Column  5  is  completed  from  the  data  m  columns  1  through  4. 
Column  6  can  be  used  tor  showing  water's  edge,  remarks,  etc.    The  facing  grid  sheet  can  be 
used  to  describe  bottom  types.    Also  use  the  grid  sheet  for  any  notes  or  sketches  necessary 
to  describe  the  stream  section  or  transect  layout,  how  you  made  the  nijasurements,  or  how 
you  want  the  transects  divided  in  the  computer  output  analysis. 


OFFICE  METHODS 

Processing  the  Field  Data 

Plotting  Transect  Data 

Wlien  field  data  collection  is  completed,  elevation  data  from  individual  transects  should 
\je  plotted  by  the  investigator  on  cross-section  paper.     The  scale  used  is  not  particularly  important, 
but  should  be  large  enough  to  allow  easy  interpretation.     Horizontal  and  vertical  scales  do  not 
necessarily  have  to  be  the  same.     The  plotted  data  should  show  location  of  bottom  types  along 
the  transect,  types  of  vegetation  on  the  overbank,  and  identify  left  and  right  streambanks 
(see  Figure  5). 


• 


•16- 


o 

■V 
o 


O 


o 

O 


o 


o 

•♦• 
o 


o 


o 

4. 
o 


o 

Cvl 


o 

<T> 

<n 

N 

^fl 

o 

o 

0\ 

o 

0> 

<n 

ff» 

o 

«n 

c» 

Ot 

<^ 

ff» 

o 
o 


o 
o 


M 

c 


I 
o 

■a 


o 

t 

> 


c 
o 


> 
c 

I 

c 
o 

'^ 

u 

9i 
o> 

S 

u 

g 

a 


a 

E 

10 
X 

UJ 


S. 


17 


U  o 

T 


Submission  of  Data  to  the  Bureau 
The  package  of  data  which  should  be  submitted  to  BuRec  includes: 

(1)  Photocopies  of  original  field  survey  notes 

(2)  Plotted  cross  sections 

(3)  Photos  of  transects  and  overview  of  stream  reach 

(4)  A  map  or  aerial  photo  of  stream  i-ach  with  transects  located  on  it 

(5)  Stream  discharge  measurement  notes 

(6)  Name  and  phone  number  of  the  investigator 

Again,  all  data  and  photos  should  be  submitted  in  order  beginning  with  transect  1.    Also, 
be  sure  to  specify  the  segments  of  the  transects  you  want  specific  data  on. 

Computer  Analysis 

After  data  is  received  at  the  Bureau,  it  is  readied  for  keypunching  and  processing  through 
the  computer.     An  edit  routine  is  used  to  check  the  keypunched  data  for  errors.     Roughness 
coefficients  are  determined  from  the  fie!  i  observations  and  photographs.    An  energy  slope  is 
determined  from  the  streambed  thalweg  and     iserved  water  surface  elevations.    These  observed 
water  surface  elevations  must  be  correlated  to  one  specific  streamflow  as  previously  mentioned. 
The  WSP  Program  processes  the  data  from  the  most  downstream  transect  through  the  most 
upstream  transect. 

The  computer  output  for  the  observed  flow  is  examined  to  determine  if  predicted  water 
surface  elevations  match  observed  values.     If  necessarv,  adjustments  are  made  in  roughness 
coefficients,  transects,  and  station  distances  to  bring  predicted  values  w-'hin  ±  0.1  foot  of 
the  observed  values.     After  these  adjustments  have  been  made,  a  series  of  flows  that  includes 
a  probable  low  flow  and  a  flood  flow  (if  desired)  are  set  up.    This  series  of  flows  is  combined 
with  the  observed  flow  and  transect  data  and  run  on  WSP. 

If  you  have  specific  flowre  you  would  like  to  have  run  through  the  program,  you  may 
request  them  when  you  submit  the  data  to  the  Bureau.    Otherwise  the  Bureau  will  run  various 
flows  through  WSP  based  on  gage  records  or  comparable  data. 

Available  output  from  the  WSP  Program  includes  specific  data  for  each  transect  and  summary 
tables  of  data  for  all  flows  run.    Output  includes  transect  measurements,  mam  channel  distances, 
water  surface  elevations,  main  channel  discharges,  flow  velocities  across  the  transect,  roughness 
coefficients,  tractive  force  (amount  of  force  exerted  upon  stream  bottom),  conveyance  areas 
and  widths,  and  hydraulic  radii.     Examples  of  program  output  summary  tables  are  shown  in 
Appendix  A. 

From  the  output  data  the  Bureau  will  plot  a  water  surface  profile  showing  water  surface 
elevations,  streambed  thalweg,  and  transect  locations  by  station  for  each  discharge  (Figure  14), 
and  a  rating  curve  for  the  most  dovmstream  transect  (Figure  15).    The  investigator  plots, 
the  predicted  water  surface  elevations  on  the  previously  plotted  cross-section  for  each  transect 
(Figure  16). 

The  computer  output  data  and  all  data  submitted  by  the  investigator  are  returned  to  the 
investigator  for  analysis,  and  for  recommendations  as  to  ti.e  required  stream  resource  maintenance 

fir,  , 

Analysis    of    Data    section    to    be    added. 
-18- 


.'»V.*, 


ui 

u. 

O    UJ 

I  ^ 

Mi     « 

K 

^  a: 

Ui    UI 


4 
Z 

Z 

o 

a  3t 
< 

UJ  UJ 

z  a. 
u 

X 

z 

4 


N  0  I IWA  3 1 3 


C 

o 

(0 

E 

JS 
u 
o 


3 

» 

>■ 
•c 

s 

a 

_2 
»^ 
o 

a 
8 

t 

3 


§ 


"5. 
E 

10 

X 
Ui 


3 

UI 


-19- 


o 
o 


o 
o 


o 
o 

~  2 
O 
O 
Ui 


o 
o 
o 


tr 

UJ 

a. 

V- 
UJ 
Ul 
u. 


o    O 
o    — 

«0      CO 

o 


o    5 

2  o 


o 
o 


o 

o 


133J   Kll   N0I1VA313    30ViibnS    b3lVM 


c 
o 

(0 

E 
iS 
u 

0) 

OC 


3 


4> 


Q. 


3 
U 


c 


a 
E 

X 

UJ 


in 


e 

3 


20- 


u. 


c 

(O 

*^ 

c 
o 


o 

<u 


c 

0) 


U4 

(75 

^ 

(O 

-< 

n 

2       ^ 

i 

^^ 

Q 

o 

s 

K 

c 

(0 

VJ 

i-U 

<-0 

n 

~> 

«/i 

< 

c 

o      5*: 

o 

^      h 

R3 

> 

0) 

0> 

s 

(0 

(0 

u 

S 

a 


o 

OL 

e 

3 


-21- 


(.iJ/y)     NOIXiABIS 


REFERENCES 


U.S.   DEPARTMENT  OF   INTERIOR,  BUREAU  OF   RECLAMATION.   1975     Paper  on  use 
of  WSP  in  Montana  Department  of  Fish  and  Game  Fisfiery  studies.     Presented  at  Water 
Surface  Profile  Workshop,  Billings,  Montana  on  January  22,  1975. 

DeGROOT,  A.   1954.     Leveling.     International  Correspondence  Schools,  Scranton,  Pennsylvania. 
Serial  3068  5.     2nd  ed.     International  Textbook  Co.,  Great  Britain.     83    pp. 


APPENDIX  A 


Examples  of  WSP  Program  Output  Summarv  Tables 


Vs 


< 

UJ 

<! 


.J 

(.1 

o 

t 

I.' 

in 

C 

1  -^ 

J 

*» 

1 

—* 

1  1 

»..■ 

7. 

^ 

X 

<J 

a 

1/1 

i/i 

o 

^~t 

(>-• 

I J 

i— 

o 

•a 

Ul 

'r 

i/i 

ii 

1/1 

ii 

in 

r. 

o 

'   K 

a 

o 

1    ii 

\- 

I 

>    I- 

^- 

:     U 
u.   Ul 


l/l  1/1 

»— • 

I 


J 
o 


>-    L^ 
UJ     t 


;•  c 


Cl 


o  o  o  o  o  o 

J    4     •»    -»    -» 


o  o  o  o 


o  o  o  o  o 


^   ^    C   ^   ■C    -C         ^iCil-D 


oooooooooo 


c  o  o  o  o 


-  :  •  •  • 

<   ! 

o 

7. 

3 

O 

UJ 

i 

1 

cr 

c  c  c  c  c  c  c 

c   c   c  r;  c  c  c 


cr  c 
e  c 


o  o  c  c  d  c 

c.  c  o  c  C}  c 


^.. 

^, 

t^ 

<j 

r. 

z 

J 

1/. 

■r 

•«. 

» 

€. 

< 

I- 

tJ 

■; 

w 

<: 

> 

C£ 

o 

o  c  C  cr  c  c  c 
c   c   <;  c   c    c   c 


c  ft 


'T 


c  o  o  o  o 
c-  c  c  c   c 


r  z  ^ 


c  c 
c  o 

iLJ    Ut 

a  .1 


H    t-    >-    »-  M  I-    CC 
■.^   Z   Z    ■Z   2.  Z   Z      • 

r^r  ooocc  i/ 

r  i:  T  ::  z  r  '•■O 

;  D  :  3  r  3  r 

c  f.  c:  c  oc  c. 

U'  U'  UJ   UJ   LiJ  UJ  u 

a  a  It  a  a  a  a 


k 

A- 


.      t-  I-  H  ►- 

^  ^  z  z  z 

€4      «1       <       »i  ^ 

C  (T   C   O  C 

i-   i?   ?•  Z  2 

;!  3  U  3  3 

C-.  r  c  q  C) 

ul  UJ 


_   u 
ci  a  a 


IT  O  li 


(\,(\.irr-.oojvrr-cu''<='°«; 


r/~ 


^^         f  ^         I"  )         CI 


V 


S 


\  \- 


rJ 


r   A 


J-' 

r  lA 


O         i 

o 


£    4 

V  *^ 
z  — 

-  o 


N.^ 


4   , 

%ji'4- 

4 

2s  * 

N-^ 

•» 

<  < 

.n 

'» 


'*» 


'* 


z 

3  ^ 


r 


^   :l\ 


„  ►-         O  _1  u".  ^  ■ 

,,-,  y,  ;••       -J  ''i  ■>.  i'- 

:i.  o       sA  '^       o  o  o  o 


o  — 
O  >- 


_  <       1/51- 


^   ^  -r-.  .•>  r^  uT 
5^    _y        (\j  -\^  ^-   <■  r-  cc 


o  X 
(VJO- 


=1  * 

.V  o 
if 


a1  <C 


I,   . 


o  (*•■         OX 
•    •  •     • 

C  3> 


o  —       c>  o 

GO        O  O 


% 

M 

c 

i4i  i  ^ 


t 


^    •*    ^    a 

^    I 

1^  ifi  ■«■   "^ 


>•  s^j.  N-  -^^  ^  v^ 
v^.  W   .?■  .*<• 

"    ^■^  ^  ■•*  «».  ^ 

^    't^.  (?«    «^  'iS"    ,^ 


n 

< 

UJ 

-J 
CO 

< 


o 
o 
r 
t_> 


c 

^  11 
•  I  ' 
a  */> 

■n  o 
•-•  *-* 

-■  u 

a  UJ 

"t  yi 

li. 

UJ  1/1 

z  o 

•-  1 

o 

<  ul 

UJ  r 


t  u, 

i1 


:U   O 
_l    •- 

5:  I- 

^  u 

It.'  V 


in  1/ 


Ul 

u 

z 
«1 


.1    I        — 


-I 


u 
o 


>-  z 

_J  •- 

J   •- 

o  o 

i 

I 


I  l/l 


Ul 

:r  .1  '/•  o 

<  iL  irt  ►-• 

>-    i  c  »- 

^  »-  .i;  '-J 

►  -  U  IJ  I 

c-  1       in 


M 


4 


c 

V 


i 


1^4 


r-,       ec 


4 


0 


i 


<->         iT 
o         X 


a- 


^      '    <\J 


I-  <t 


1/1 


l\        o 


a 


CT 


cl 
11 


Ml 
'■1 


in 


>3 

Ui 

-J 

00 

< 


0  , 
o 

1  I 

(/I 

O  o 

z  -» 


t/l 

z 
o 


4 

> 

UJ 

_» 

u 

UJ 


IT 


oc 


0> 


CO 


(^ 


9 


a- 


<7 


ID 

9 


9 


a, 
9 
9 


■  » 


9 
9 


X 

Z  Jl        «« 

«>  u. 

a  1/1      t 


1/    • 


1/1  o 

^->    »~4 
(_)    •- 

^  o 

4    UJ 

u. 

1/1 

W  1/1 
T  O 

or 

a  uJ 
u.  t 

^  uJ 
lu  O 

a  ri 
UI  o 

xG 

z  iJ 

»-  «fl 

-1 

l/l  Vl 

T 


1/1 


o  o 
nj  c 

•» 


IT   C 
— •  O 

n 


UJ 
UI 
b. 

I 

I 

I 

I 
l/l 

Z 
O 


UJ 

<_1 


rt 
3 
!/•■ 


9 
9 

9 


9 
9 
9 


C 
9 
9 


vO 
9 
9 


9 

9 

9 


9 
9 
9 


9 
9 

9 


9 
9 
9 


CC 

9 
9 


9 
9 


9 
9 

9 


9 

9 
9 


9 
9 

9 


9 
9 
9 


• 

9 
9 
9 


9 
9 
9 


9 
9 
9 


9 
9 
9 


«  Ch       <c  ro 


9 
9 
9 


CI 
9 
9 


9  O 


oc  <r 


a.    J 
a  o 


a.  3 


•      • 

a  ai 
O  9 


CCl  9 


o)  o 
e  o 


IT  r-  IT  f-  ifi  o 

•    •  •    •  •    • 

oc  f^  ir  ^  oc  o 

(7  c  (^  *  »  o 

OCT"  o  o»  ^  o 


a  o 

i>  o 

0>   C 


a:  c 


IT  iTt        U^  CCl        iT  tf 


_l 


Z. 

o 


1 


9 


T  (7 

o-  a, 


a  <7 


o  o 


9 


•c 


oc  <7> 
<X  9 


oc-  O- 
C7  W 


•   ^ 

a  01 


IT 

o- 
o- 


c 
o 


a  9 
<r  9 

9  O' 


a.  cr 

(7"  CT^ 

o  a 


9 


oc  <y 

9  (J 
9  O 


a  o 
o-  (7 


r-  ir 
•    • 

a   <7] 

<7  O- 


•     • 

a.  o 
o>  o 
(7.  o 


oc  c. 

(7  O 
9  o 


tC   O' 
(7  (7 


•  I 
CC  (7 
0>  (7 
<7  (7 


OC  O 
(7  ff 


9 
9 


(Vl 


9 
9 
9 


« 
9 
9 


CO 
(7  , 

9  ' 


9 
9 
9 


9 
9 
9 


9 
9 
9 


9 
9 


9 
9 


9 
9 

9 


IT 
• 
9 
9 
9 


9 
9 
9 


9 
9 
9 


9 
9 
9 


9  ■ 
9 


9 
9 
9 


9  ■ 
9' 
9 


9 
9 
9 


9 
9 
9 


9* 

9 
9 


9 
9 
9 


9 
9 
9 


9 
9 
9 


9 
9 

9 


9 
9 
9 


< 


9 

9 
9 


9 
9 

9 


^C   <L  yC  AJ         ?*•   *N* 


vl 


I 


N 

V 

V 

V 


< 


V 

> 

9 


OL       4 


(t  o 

9   O, 


1 

J. 


(7  c        ff  & 


oc  ^ 


9  O 
9   C. 


<^- 


33  ' 

(7 

9 


OC   -• 

O'  o 
»  o 


3>  O 
(7  O 
9   O 


a  c|       oc  C: 
cr  o      a  o 


.    .        •    ■        •    •        •    * 

oc  o 


CC  ci 
C7  o 
(7  o 


CC 
<7 


-I 


^1« 


(7  C7 


ct  O- 

C  (7i 

o  a 


•»  c 

•  ^  •    • 

CC  ei  a  c 

■>  3'  ^   O, 

(7  C  (7  C^ 


IT    (V 


iTi  n 


a. 

C7 


o  ca      cr  c 


C7 
<7 


(C 


(7  i7t 

c  c 


CC  a 

(7  o 

<7  c 


<7 
9 


(Vl 


(t   o 

17  O 


<7 
<7 


-1  a 

oc'c? 

9  P 


<7 

a- 


IT 


4 
ii 

^ 

^ 


1 


..:? 


0 
-^ 


4 

T5 


-J 

03 

< 


o 
o    ' 

i    I 
1/1    ' 

O  o 


2 
>/i  O 


-I   UJ 

u.      I 
1/1 

UJ  l/l 

I  o 

^5 


t  u^ 

ItJ  X 

Uj  O 
lU 

a 


•1 

«  t-J 


in  w 

I 


^^l 


o 

o 

r 

»           i_> 

j 

1 

yi 

'             o 

o 

(O 

z 

«» 

1 

U-. 

< 

r 

'^ 

1- 

z 

HI 

tU 

Z 

UJ 

XI 

-J 

<t 

»J 

CD 

-I 

l/> 

»-• 

< 

'/I 

z 
o 

u. 

K 

UJ 

u  >-. 

o 

•t 

o 

UJ 

u 

I 

</l 

1/1 

ll. 

1/1 

to 

li.' 

Ij_ 

■yi 

z 

c 

o 

X 

t — 

1 

o 

u 

o 

1 

1 

o 

«» 

i.l 

a 

IX. 

r 

y 

•-1 

o 

t: 

IL 

u 

o 

U' 

.'  ij 

^:  uJ 

u  1/1 
>"  1/] 

l/>  1/ 

3 


/ 


o 


j^      iri      iT 

(\  (\  (VJ 

o       o       c 


a  r-1       i. 


ir      u^ 
o      o 


Q 


■» 
o 


c 


n 


IC 

1/1 

o 

1 
iT        ! 

r". 

n       -» 

o 

o       c 

o 

• 

1 

• 
1 

• 

• 

«       r~       o 
c       (V       c 

IT        IT*        *C 


n 

IT- 


IT 


.-*       o 


o       -«       -c 

f*>       rr       n 


(..' 


^i 


^ 


1 
i 


< 


ca 

< 


o    1 

UI 

a 

-I 

4 

r 

►- 

V 

■o    1 

^ 

• 

t 

a> 

c 

» 

« 

>c 

%i 

> 

w 

•c 

J 

« 

1 

s 

I 


I-  y1 


o 

_. 

-u 

^ 

D 

t— 

,x 

►- 

a. 

13 

►- 

4 

X 

Z 

2 

►- 

o 

w 

UJ 

t/1 

>-» 

14 

o 

.1 


UJ 

o 

4 

a 


o 
o 

I 
u 
1/1 

O  o, 
2.  ■* 
4     I 


2   X 

4 

n  v/i 


4  uJ 
Ct  t/1 

lii  (/I 
£  O 
H-  -I 


X 


UJ  O 


Z  UJ 

llj  l/> 

UJ 

•-  Ul 

in  1/1 

r 


n 

o 


UJ 

a 

o 

-J 

i/i 

t 

o 

■* 

UJ 

(V 

X 

_l 

4 

r 

II 

V* 

-0 

X 

« 

IS 

o 

t-t 

0> 

X 

» 

> 

UJ 


o 

UJ 

4 

r 


UJ 

_» 

UJ 


1/1 
1/1 

4 


Z 


r 
1/1 


J 

<: 


,  X 

<  llJ 


z 
o 


u 

W  O 


/I  z 
1/1    u 

uJ  -> 

z,  o 

r  — 

O  Ul 

oq  o 
o 


4;  o 


ul  'a 

>j.x 

2^  «» 

c 

I- 


T   O 


S     IT 

r 


W 

<  « -! 


o 
o 
o 


o 
o 
ijl 


U 


in 


000 

O  Q  O 

ITI  O  iTl 

ryj  fn  in 

o  a  o 


I 


13: 


_j 

o 

-J 
I 


z   -» 

4     I 


1  ; 


.'  O 
4  aJ 

1  1/1 

./I 
UJ  '/I 

r  3 

I-  Ji 

4  J 

uJ    C 

\:  u. 

uJ  C3 
UJ       I 

2  r\ 

■^  o 

_l  '-\ 

►-  M 

1  o 

2  uJ 

UJ  1/1 


UJ 

& 

o 
-I 

4/1 


9' 
9 


2 
O 


'^        I 


to 

UJ 

X 

M 

_l 

4 

»— 

I 

U. 

K 

4J 

o 

UJ 

T 

l/l 
10 

4 


</> 
Ul 

c 
c/ 

■a 

UJ 

I  a 


4 

;5 


\% 


2 


Ul       <M 


J- 

as 
5? 


i-i 

T 


O 

X 


.^ 
o 


l3  ►- 

^  z 


^ 


o 

23 
4   I/) 

ul  O 

>  >- 
Q  4 

Du. 


1/1  o 

•-  o 

in  Z  o 

l/l   Uj  4- 

UJ  •-*  o 

z  u 


3  U. 
O  UJ 

IS 


/T 
("1 


o 
l/l 


s 


l/*f 

o 


":    J   ": 

(\i   -+   -< 


J 


it  CO  . 


J-  <1  CO       '  O         1/ 


hi 


«« 


1  M 
o  a 


i 

t/l        Z  '«  ^ 

o 

o  u.       9 
"    .        ( 

UJ  -H  V> 

»-  ■ 

z 

<lJ 

z 

t» 

UJ 

in  ■! 

1: 

01 


yi  N 

; 

c 

u    i 

°    i          ; 

«■ 

r-    t          1 

>f 

z     • 

•ij    M'                     • 

i    (V 

0  > 

■ 

'.■J  r 

1/1 

1/1  — ■ 

1 

yi  0 

UJ      < 

4^ 

r 

0 

j 

3 
0    II 

.X   i\ 

0  r 

in  u- 
4  z 

r  - 

z 
0  z 

0 

—  0 

> 

►-  ~ 

4 

0  >- 

Ul  4 

a: 

in  ►- 

0 

in  a 

z 

"  I 

z  0 

If 

h-0| 

n 


o     o 


r 


( I 


(  ^ 


-1 

o    ; 

o 

r 

u 

tn 

O  o 

r--    ■ 

'     Z  ^ 

<i    1 

00 

T 

< 

LU 

-I 

-I 

CQ 

U^  O 

< 

H- 

^  <-J 

<J   UJ 

a  1/1 

u. 

iri 

It  en 

t  n 

►-  a 

u 

.1 

-a  uj 

u.  r 

^:  1" 

V    U- 

u.  Q 

iiJ 

!r  "^ 

I 


in 


—         <a 


l/l 

I 
-I 
1 

1 
1 

Ul. 

•     • 

Li 

J)  o 

Ct 

OJ   c 

o 

iT 

u. 

Jl 

-} 

-» 

-o 

^o 

o 

c 

ir. 

p-i 

c 

a: 

1 

iT' 

4 

(n 

a: 

(V 

n 

IT 

nO 

o 

iv 

in 

^ 

^0 

IT 

vP 

•C 

^^^H 

a 

0- 

o- 

o 

r> 

fVj 

o 

rvj 

^-. 

-J 

aj 

If 

"J 

^ 

^. 

^^H 

I 

a 

• 

• 

• 

o 

• 

• 

• 

• 

• 

r^ 

r-. 

(■^ 

- 

1 

• 

IP 

< 

<r 

n 

ir 

m. 

c 

-f 

o 

tP 

ro 

r- 

1 

1 

1 

r- 

f\j 

f- 

o 

IT 

c 

CO 

I/. 

vf 

<r 

<r 

^. 

f       1 

c 

(\i 

J 

1^ 

CC 

<\j 

f\j 

cr 

o 

o- 

l\' 

o 

o 

r- 

_ 

c( 

a 

II 

a 

c 

o 

• 

c 

• 

o 

• 

• 

c 

t 

'^ 

" 

• 

■: 

• 

c 

• 

1 

■     1 

c 

r- 

to 

(V 

o 

(V, 

a- 

o 

sC 

cr 

■^ 

r~ 

! 

oc 

r^      1 

^ 

h- 

0- 

— * 

o- 

ir 

•— > 

m 

o- 

<c 

>c 

tJ 

c 

IV 

-* 

o 

OJ 

IV 

IP 

* 

f~-t 

—• 

r- 

<r 

f^ 

o 

<c 

-t 

u-' 

r- 

^ 

m 

f--» 

♦ 

o 

• 

o 

• 

o 

• 

•=. 

o 

". 

• 

o 

• 

(V: 

• 

r~i 

l\' 

c      1 

'^  i 

^ 

o 

o 

^ 

OJ 

AJ 

•c 

in 

OJ 

(M 

oc 

■C 

1 

t-- 

c 

•c 

f^ 

(\l 

>* 

n 

<~4 

n 

u^ 

--. 

c- 

f^ 

.C 

u- 

IV 

r^       ' 

Lfi 

\r. 

n 

^ 

-t 

>-i 

.~l 

IT 

>o 

^ 

cc 

vT 

o> 

OJ 

m 

X 

a 

rv 

-^ 

o 

• 

o 

• 

o 

• 

o 

o 

• 

• 

o 

c 

• 

• 

(V 

• 

• 

o     , 

• 

o 

fV 

O       1 

in 

f\j 

m 

r^ 

f; 

r 

-J 

O 

tv 

cr 

X 

1 

1 

o 

n 

o      1 

(C 

a 

f- 

r- 

X 

T 

-o 

CO 

-f 

<r 

o 

a- 

t>      ' 

to 

r-^ 

m 

IM 

o 

o 

m 

-«• 

-» 

^0 

■s 

4 

0- 

ID 

IT 

-r 

— 

r- 

o 

• 

o 

• 

o 

« 

o 

O        1 

•     i 
! 

• 

o      . 

o 

o 

• 

" 

rj 

^^ 

X 

c 

(V 

1 

n    ! 

O' 

J 

l\l 

f\J 

o 

a 

1 

Ul 

1 
'^         1 

/^ 

1 

o 

"   ; 

h-      ' 

in    i 

-*    1 

n 

IV 

,~t 

>v      i 

in 

t> 

nj 

vO 

cr      ' 

m 

rg     ' 

r- 

—i 

--*    1 

o      j 

c 

OJ      1 

m 

(V] 

sj 

0. 

Cf 

ir 

.r. 

a 

c 

r- 

o 

C      1 

o 

o 

c     j 

o 

O       1 

°    1 

o 

o 

fV 

— t 

f^ 

c: 

c 

1 

• 

• 

« 

•     1 

• 

• 

< 

• 

• 

1 

1 

1 

• 

1 

o     J 

(\J   .D 

o  J- 

(\J  ^ 

rr  r- 

1 
1 

o  *-< 

in  - 

(1  ir 

r->    o 

1 
i 

r-  •— 

r-  r- 

ro  lO 

o  a 

0- 

r.   r' 

^C     Jl 

in  c 

^  n 

^  On 

a:     - 

-»  ru 

—   !*■. 

(VI    J 

-_   ,— 

cr   o 

r^  o 

<t  -.r 

rv  r 

i-  r- 

— 

•  • 

:        a    li 

o  o 

1        ri  / 

_,  Jl 

~   rv 

■c 

(V 


a 


o  o 
o  n 


O  OJ 


o  ri 


c  o. 


-r  H 

o  o        o  c 
on       c  —• 


a  •d       '-it 


»r  OJ  r-  o  i/^  o 

c  Q        cm       cr  i\  a'  r-  r     j^ 

c  r-J        o  ri        — •  1/1  cm  --a' 

C    C3  COJ  OOJ  COJ  C-.    OJ 


C.    Ul 


—  If 

f\j  -4 


O  1/1 


cr  0- 


-»  rW 

ru  r^ 

rv  J 

(V  -£. 

J1  o 

t*   — 

-•  IVl 

c-  o 

—  'J- 

O  t\J 

o  nj 

C    l/l 

J   1 


C    ■£ 

^  o 

O  Ul 


"4 


I 


I 


O   l/l 

c    3 


o  o  ^  ^ 
o  -r  o  'Ji 
o  — 


-  u 


C    •"•  CO 

o  ix,         c;   ^ 


■1 


r-  tn       'Vj  OJ 


1/    u' 


,1 


c^  -3        'I   '>i       rvj  ;n       oj  ,c 

rvj  Ol  —   O  —  J-:  o  •-* 


m  nj       o  -H  ^^f  — «  a  ^ 

^  J'        —  r^  Ol.  ^1  <r  J 

o  m        c-  oJ  c:  sti  <^   -t. 

OH        cw  c-i  O'-J 

'     1 


r.  r) 

Ci    CI 


Oj 


I 


[C 


o 


c 


O       () 


(^ 


( ) 


( ) 


o 


')     ■) 


APPENDIX  A 


Examples  of  WSP  Progicim  Output  Summary  Tables 


